Canine eosinophilic pneumonia (CEP) is an interstitial lung disease that is characterized by eosinophilic infiltration of the terminal bronchioles, alveoli and blood vessels \[[@r6]\]. Peripheral blood eosinophilia is found in 50--70% of all cases, and time-dependent changes in the number of eosinophils may not correlate with disease activity \[[@r7], [@r16]\].

Pulmonary surfactant protein (SP)-A is a glycoprotein that plays an important role in natural immunity of the lungs \[[@r13]\]. It is a component of pulmonary surfactant, which is primarily synthesized and secreted by alveolar type II cells \[[@r23]\]. In human medicine, the blood SP-A primarily increases in interstitial lung disease and is indicated as a pulmonary-specific biomarker \[[@r21]\]. Time-dependent changes in serum SP-A levels have been studied as a potentially useful way to monitor the state of eosinophilic pneumonia, a type of interstitial pneumonia, in humans \[[@r9], [@r10]\].

In veterinary medicine, the blood SP-A level increases in pneumonopathies, such as canine aspiration pneumonia, primary lung tumor, blunt traumatic lung injury, diffuse panbronchitis and idiopathic pulmonary fibrosis, and measurement of SP-A has recently been useful in differentiating these from other diseases \[[@r20], [@r24]\]. However, there have been no reports in which the blood SP-A has been monitored over the course of the disease and the relationship between the SP-A level and disease activity. Herein, we present a case of canine eosinophilic pneumonia, in which serum SP-A levels fluctuated with the disease condition. We propose that measuring serum SP-A is helpful for monitoring disease activity.

A 7-year-old female spayed Labrador Retriever, weighing 23.5 kg, was admitted to Okayama Animal Medical Center Hospital because of cough with clear sputum for the past week (Day 0), which continued for approximately 20 min once over 2 days. There was no medical history, and the dog had regularly received the prophylactic vaccine and heartworm prophylaxis. Physical examination on admission revealed a heart rate of 114 beats/min, respiratory rate of 36 breaths/min, temperature of 38.4°C and normal lung auscultation. Complete blood count showed hypereosinophilia of 2,524/*µl*(range, 100--750/*µl*). Blood microfilaria was negative. The plasma C-reactive protein (CRP) level (Laser CRP-2; ARROW MEDICAL Co., Ltd., Yokohama, Japan) was normal at 0 mg/d*l*(range, \<1.0 mg/d*l*). Blood chemical examinations were within the reference range. Thoracic radiographs revealed a mild bronchial pattern throughout the lungs. The antigen test for heartworm disease and fecal examination were not conducted.

Based on these findings, we suspected chronic bronchial disease \[[@r11]\] and started treatment with aminophylline \[4.3 mg/kg, per os (PO), bis in die (BID)\] and tranexamic acid (10.6 mg/kg, PO, BID) without any steroid.

On Day 5, the dog revisited our hospital, because her cough had worsened and the sputum had turned from clear to yellow. Therefore, we added the antibiotic enrofloxacin \[5.2 mg/kg, PO, semel in die (SID)\] and switched from tranexamic acid to carprofen (2.1 mg/kg, PO, SID).

On Day 12, the dog was re-admitted, because her symptom worsened, and the sputum included blood. We hospitalized her in an oxygen cage, because she was mildly cyanotic. The blood oxygenation, i.e., blood gas analysis, was not measured. The number of eosinophils decreased to 1,932/*µl*, and the CRP level increased slightly to 2.0 mg/d*l*. On thoracic radiographs, the bronchial pattern was more severe than those obtained previously, and there was an infiltrative shadow in the right caudal lung lobe ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.A ventral-dorsal radiograph of the dog's thorax on Day 12. The radiograph shows a bronchial pattern throughout the lungs and an infiltrative shadow in the right caudal lung lobe (arrow).).

Computed tomography (CT) (Pro Speed FII, GE Healthcare, Hino, Japan) performed on Day 13 identified thickened bronchial walls, and local and peripheral bronchiolar obstructions, which suggested bronchial disease with the accumulation of secretions in the peripheral bronchi. CT also identified infiltrative shadows with ground-glass opacity in the right caudal lung lobe just below the pleura (considered the main lesion) ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Transverse CT thorax image at the level of the ninth thoracic vertebra on Day 13. The image shows thickened bronchial walls, local and peripheral bronchiolar obstructions (circle with the dotted line) and infiltrative shadows just below the pleura (arrow).), which suggested lung interstitial and parenchymal disease, including pneumonia, abscesses or bleeding. Therefore, we performed CT-guided fine needle aspiration (FNA) using a 24-gauge needle for the differential diagnosis on the main lesion and observed inflammatory cells, comprised mainly of eosinophils and alveolar cells ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Cytology from the CT-guided fine needle aspirate of the dog's main lung lesion on Day 13. Inflammatory cells, composed mainly of eosinophils (arrow), were observed. Giemsa stain, × 400.). Cytodiagnosis was made by the veterinary pathology specialists at Sumitomo Chemistry Techno Service Co., Ltd. Osaka, Japan. The possibility of overestimating eosinophils in FNA by aspirating the peripheral blood with hypereosinophilia, compared with the ratio of red blood cell to eosinophil counts on the smear preparation of the lung specimen with the ratio of that in the peripheral blood was unlikely. Eosinophilic pneumonia was suspected on the basis of blood eosinophilia and the results of thoracic radiography, CT and CT-guided FNA.

Thus, we administered prednisolone (1 mg/kg, subcutaneously), and her symptoms improved considerably on Day 14. We then prescribed prednisolone (0.42 mg/kg, PO, SID) and discharged her. We continued enrofloxacin as an antimicrobial in case a bacterial infection had been missed.

The subsequent disease course was favorable, and the symptom was relieved on Day 19. Thereafter, we progressively reduced the prednisolone dose. Enrofloxacin was discontinued on Day 26; prednisolone was discontinued on Day 54, because there was no symptom recurrence. However, cough recurred 1 week later (Day 61), and prednisolone therapy was re-initiated (0.21 mg/kg, PO, SID). Prednisolone was continued, and treatment was finally completed 16 months after the initial visit. The dog is currently healthy with no recurrence 43 months later.

We measured serum SP-A levels during the treatment period with the consent of the pet owner ([Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Blood eosinophil counts (Eos: white triangle), serum SP-A levels (black square) and plasma C-reactive protein level (CRP: white circle) during the dog's clinical course. Po, per os; Sid, semel in die; Qod, quaque one die; Sc, subcutaneous.). Serum samples were retrieved from blood samples that were not used for medical examinations and were stored at −80°C. The frozen samples were transported to Osaka Prefecture University, wherein the individual measurements were performed. The serum SP-A levels were measured by sandwich enzyme-linked immunosorbent assay using rabbit anti-dog SP-A polyclonal antibody, as previously reported \[[@r19]\]. The serum SP-A level was 4.5 *n*g/m*l* (median concentration in healthy dogs, \<2.0 *n*g/m*l*) \[[@r20]\] at the initial visit, but increased considerably to 35.5 *n*g/m*l* when the symptom became aggravated on Day 12. This level subsequently decreased as the symptom improved after starting steroid therapy, and was 1.4 *n*g/m*l*, the minimum value, on Day 26. However, its level increased slightly again to 6.9 *n*g/m*l* on Day 61, one week after withdrawal of the steroid, as we tapered the prednisolone dose.

The serum SP-A level was extremely high on the day when the symptom worsened considerably, and it changed with the degree of clinical manifestations and thoracic radiographs findings. The elevation of serum SP-A during the exacerbation could not be explained, because the pathological processes involved in canine eosinophilic pneumonia has only previously been investigated using bronchoalveolar lavage (BAL) cytology and histological examination of the bronchial mucosa; however, information regarding the lung parenchyma remains lacking \[[@r2], [@r14]\]. In human chronic eosinophilic pneumonia, resembling CEP \[[@r15]\], infiltration of eosinophils and lymphocytes occurs into the alveoli and at the alveolar epithelium with destruction of the basal membrane \[[@r12]\]. Eosinophils release granule proteins, oxygen radicals, lipid mediators and cytokines, which increase vascular permeability and/or cause leukocyte accumulation \[[@r18]\]. From the results showing that the BAL fluid and serum SP-A levels are both increased in human acute eosinophilic pneumonia, Daimon *et al*. reported the possibility that serum SP-A levels could be elevated due to hyperplasia of alveolar type II cells and by the increase in permeability of the alveoli into the circulation due to the destruction of the alveolar epithelium and endothelial cells \[[@r8]\].

Glucocorticoids are the mainstay drug for the management of CEP \[[@r5]\]. Steroids interfere with the transcription of several proinflammatory genes, i.e., interleukin (IL)-3, IL-4, IL-5, GM-CSF and various chemokines, which are necessary for eosinophil maturation, proliferation, chemoattraction, adhesion and migration, activation, and longevity \[[@r17]\]. Therefore, we speculated that lung injury by eosinophils improved with the steroids and the leakage of SP-A from the alveoli into the circulation decreased.

CRP is an acute phase protein that is primarily produced in the liver and is stimulated by inflammatory cytokines, primarily IL-6, which is mainly secreted by macrophages \[[@r1]\]. The CRP level is a useful marker of acute inflammation in both humans and dogs. In humans, it is routinely used as an index of inflammation in evaluating the effect of treatment, monitoring the progression of disease, and in determining the prognosis, but it is not pulmonary-specific \[[@r3]\]. In this case, the plasma CRP level increased slightly only on the day on which the acute symptom exacerbation occurred (Day 12); except for Day 12, the CRP level was within the reference range. Viitane *et al*. reported that dogs with eosinophilic pneumonia (EP) exhibited significantly lower CRP levels than dogs with bacterial pneumonia and that the CRP levels were similar between dogs with EP and healthy controls at the initial presentation, which is consistent with our findings \[[@r22]\]. Chihara *et al*. reported that serum CRP levels were lower in patients with eosinophilic pneumonia compared with patients with bacterial pneumonia because they may exhibit decreased IL-6 production or decreased liver reactivity for IL-6 \[[@r4]\]. No marked differences have been found in the expression of IL-6 mRNA in bronchial biopsies from control dogs and dogs with EP \[[@r15]\]. It was speculated that the expression of IL-6 did not increase; consequently, the CRP level did not increase in dogs with EP according to these results.

In this study, the number of eosinophils was the highest on the day of admission, but decreased on the day when the symptom worsened (Day 12). Thus, time-dependent changes in the number of eosinophils did not correlate with disease activity, which is consistent with a previous report \[[@r16]\]. The serum SP-A levels more precisely reflected the disease condition in this case. We propose that measuring the serum SP-A is useful for monitoring disease activity and clarifying the pathological condition of canine eosinophilic pneumonia.
